The mode of operation of a computer-based information system designed to link information about drug usage to diagnostic data is described. Details of the cost of this system are given. It is shown that the running costs are approximately £20000 per year. Examples are given of the uses made of the data collected.
Introduction
The use of computers has had relatively little influence on clinical practice in Britain. This is despite their potential in the storing, analysis and retrieval of information previously not readily accessible because of the impracticality of manual processing. Regional Health Authority computers are used almost entirely for functions related to the management of the NHS, although a potentially useful data base for clinical studies, which is available to each hospital, is the information from Hospital Activity Analysis (HAA) (Alderson 1976) . Used primarily for management purposes, this information covers all patients admitted to hospitals and consists of such items as the patient's age, sex, date of birth, admitting ward, consultant, diagnoses and operations.
The prescribing study currently being carried out in Hereford uses the computer of the West Midlands Regional Health Authority, sited 52 miles away. It extends the usefulness of HAA data by linking it with details of drug efficacy, prescribing patterns, incidence of adverse drug reactions and medicine administration. Similar techniques have been used, most notably by the Boston Collaborative Drug Surveillance Program (Jick et al. 1970) , in Aberdeen (Moir et al. 1975 ) and, to a limited extent, in Birmingham (Tesh et al. 1975) , but the range of information available, the source of computer services and the type of hospitals used are unique to this study.
A preliminary communication (Barnett et al. 1978) gave the objectives and an outline of the way the information was to be used. A description of the system, plus its costs and some examples of the way it is used are given here.
Description of system
(a) Data capture: Hospital activity analysis information is collected by standard procedures applicable to all patients. The diagnoses and operations are entered after the patient's discharge. Information about the drugs is abstracted from the patient's medical record onto separate forms. The information collected is specified in Table I. (b) Data completion: Two sets of forms for each patient, the HMR (I), HAA information and the drugs forms are received and checked. The drugs are coded according to the Aberdeen System (Barnett et al. 1973) . Any deficiencies noted are checked with the data capture centre; between 10% and 20% of the drug forms are found to be incomplete. After correction the completed forms are then sent to the computer department.
(c) Formation ofcomputer-basedfiles: The two forms are handled independently. The data are punched and then processed by the computer, an ICL 1904, If errors are not found after a check by the validating-program, the information from the two forms is merged to produce a patient record on the master system's file of drug information. This file exists physically on tape, one tape for each year of the system's operation. Recently the system's file has been converted into fixed length records: this new file is called the Fast Access File/This has been done to ease the analysis of the data. Each record now consists of some patient identification information and data about one drug (see Table 2 ). If a patient had three drugs then he will have three records, each of the same format.
(d) Analysis: Purpose-written programs have been written to analyse various aspects of the data, e.g. programs for special age distribution by diagnosis, comparison of the effects of two 
Drug data
As in Table I drugs, patient counts by ward, drug administration analysis, etc. More recently programs have been written using Filetab (Filetab Reference Manual 1975) . Filetab is a general purpose program which can be used to create files and to analyse data within these files. It is a high level computer language which enables the user to manipulate his data and produce reports. This has obviated the need for purpose-written programs; generalized programs can be written which will service several different analyses.
Information collected
For about 18 months all patients in two hospitals had their drug information recorded. As this volume of information was too great for the system, the scale of the project was then restricted (see Table 3 ). Cost of running the system It is difficult to identify the total cost of running this system but the marginal costs can be given. These are, in the main, staffing costs and are given in Table 4 . In addition there are miscellaneous items, such as production of forms, transport, telephone charges, etc., say £ I000 per annum. There are also the opportunity costs of a small number of other people who give some of their time to guide and advise the project: Area Pharmaceutical Officer, a District Community Physician, two Consultant Physicians, members of the Regional Statistics Department and Regional Computer Department. Finally, there is the actual cost of the resources used in these two departments.
The marginal cost of this system, as far as it can be identified, is £20624 per annum. Currently about 2800 records are collected per year, giving an approximate average cost of collecting each record of £7. In addition, it is estimated that the non-recurring cost for items, such as office accommodation, amounted to £10000. 
Uses of the system
The effects of the system can be considered as those which arose because of its introduction and operation, and those which stemmed from the information collected. The introduction of the data capture system mainly affected certain wards and the medical records department. The following changes were reported by these departments:
(a) On the wards: the prescription forms were more frequently correct; the prescribing and recording of drug routes has been clarified; ward and medical record staff understanding has improved; ward and pharmacy staff understanding has improved; problems in the prescription forms, timing of drug rounds by nurses, and other matters relating to the administration of drugs have been highlighted. These improvements have occurred on the wards where the information is collected and also throughout the whole hospital.
(b) Medical records department: fewer notes are mislaid; the accuracy of the HAA data collection and recording has improved.
(c) The regional departments which are responsible for data completion and the formation of the computer file were unable to specify benefits arising solely from the operation of this system. The drug project was only a small facet of their total work, but both reported a greater understanding of the problems involved in collecting and handling this type of data.
Information held in the computer has been analysed and has proved of considerable interest, but has not affected patient care in any decisive way. Studies performed have included:
(a) Are prescribed drugs being administered? As each dose is recorded it is possible to compare what was given with what was prescribed. In 1975, at the beginning of the study, 76% of the dosages prescribed were recorded as being administered. This percentage has slowly increased to 88% in 1978. Most of the shortfall was due to drugs prescribed in the evening for ..administration next morning. When the prescription was dated in the evening, the data -capture showed no administration on that date and recorded a missed dose.
(b) Administration of unprescribed drugs: Some drugs have been given without a prescription. Analysis of the data showed that Dorbanex, paracetamol and magnesium trisilicate accounted for over 70% of unprescribed drugs, and the other 30% were similar types of drugs. This usage was similar for all wards which were assessed. It will be appreciated that senior ward nursing staff are permitted to give patients a limited range of drugs without a prescription written by a doctor.
(c) Changes in drug usage: The changing pattern of antibiotic usage over four years was studied. In brief, it was demonstrated that ampicillin had given way to amoxycillin, cloxacillin to flucloxacillin, and lincomycin/clindamycin to metronidazole (Alexander & Wood 1981) .
Changes in the use of analgesics were also studied with particular reference to Distalgesic (dextropropoxyphene and paracetamol).
(d) Prescribing costs:
In an attempt to cost ampicillin and amoxycillin (two antibiotics which are broadly similar in efficacy), the total quantities administered have been valued on the basis of the contrast prices for the oral dosage forms in 1978 (Table 5 ). If the 254 inpatients who received amoxycillin in 1978 had been given ampicillin (at similar dosages to those who did receive ampicillin), the total costs in 1978 would have been £314, a reduction of almost £500 or 63% of the actual cost.
(e) Comparison of drug efficacy: A retrospective analysis of hospital stay and mortality in patients with lower respiratory infections who received either ampicillin or amoxycillin showed no significant difference between the two drugs, though duration of admission and mortality were slightly higher in the ampicillin group. (j) Investigation ofadverse drug reactions: A group of patients, mostly aged 75 years or more who bled while taking ibuprofen, has been studied. The data show an association between ibuprofen and bleeding in these very elderly patients but does not establish that ibuprofen caused bleeding. The side effects experienced by patients taking indomethacin have been studied. Also, patients with gastric carcinoma who received cimetidine have been reviewed.
Discussion
The successful daily operation of this system has demonstrated that it is possible to extend HAA and build on it to give meaningful information about other hospital activities. It will be appreciated that problems were involved in setting up the Hereford Hospital Prescribing Study, but with goodwill and effort all were solved to produce a continuing working system.
The cost of £20624 a year to run this system may strike some as high. Most Health Service activities seem expensive when the true cost is calculated. The cost of collecting HAA data in the West Midlands Regional Health Authority is over £500 000 per year and it may be helpful to consider the cost of the drug system against this framework.
The changes listed show that this system has had a considerable impact on all matters connected with drug usage in the hospital, though the improvement in care and the more efficient administration of drugs cannot be estimated in cash terms.
It can be argued that the computer system itself is not responsible for the improvements, these occurring because of increased interest in drug prescribing and hence recognition of defects in the current system. This view is difficult to oppose as the opportunity for a sham introduction of a computer system, akin to a sham surgical operation in a controlled trial, is small. However, de Dombal et al. (1974) have shown that the diagnostic accuracies of clinicians improved when exposed to a computer system for diagnosing the cause of acute abdominal pain and decreased when the system was removed. It could also be said that better methods of data collection led to this improvement. But the decline when the system was removed is strong evidence that it was responsible for the improvement. In.a like manner we suggest that our computer system generated the improvements noted.
These benefits need not just be restricted to the one hospital. The lessons learned about the administration of drugs, the need to ensure that patients actually get what is prescribed for them, can be applied over a much wider geographical area. The impact of this system cannot truly be assessed but it would be considerable.
The drug system has made available a large body of validated information. This is a raw material which can be utilized in many different ways. Examples of some of the studies completed or in progress illustrate the ways in which this raw material may be used.
Information produced may be directly clinical, such as the determination of antibiotic usage, or the relationship between a drug and major complications. It may also be used for management purposes, such as the estimation of the costs ofa particular prescribing regime; or, by monitoring the change in types of drugs, such as the anti metabolic agents used against cancer, it may predict changes in the drug bill for the hospital.
The Hereford Hospital Prescribing System demonstrates that the simple but extremely powerful idea of linking two different types of information about patients may lead to direct improvement in patient care and also provides an opportunity to test ideas concerning the use of drugs and their effects to the actual benefit of both doctors and, more importantly, their patients.
